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Summary

Problem—The role of plasma estradiol in the accumulation of intra-abdominal fat (IAF) in men
is uncertain. Cross-sectional studies using imaging of IAF have shown either a positive or no
association. In contrast, a randomised controlled trial using an aromatase inhibitor to suppress
estradiol production found an association between oestrogen deficiency and short-term IAF
accumulation. No longitudinal study has been conducted to examine the relationship between
plasma estradiol concentration and the change in IAF area measured using direct imaging.

Methods—This is a longitudinal observational study in community-dwelling Japanese-American
men (7= 215, mean age 52 years, BMI 25.4 kg/m?). IAF and subcutaneous fat areas were assessed
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using computerized tomography (CT) at baseline, 5 and 10 years. Baseline plasma estradiol
concentrations were measured using liquid chromatography-tandem mass spectrometry.

Results—Univariate analysis found no association between baseline estradiol concentration and
baseline IAF, or 5- or 10-year changes in IAF area (r= —0.05 for both time points, p=0.45and p
= 0.43, respectively). Multivariate linear regression analysis of the change in IAF area by baseline
estradiol concentration adjusted for age, baseline 1AF area, and weight change found no
association with either the 5- or 10-year IAF area change (p= 0.52 and p = 0.55, respectively).

Conclusions—Plasma estradiol concentration was not associated with baseline IAF nor with
change in IAF area over 5 or 10 years based on serial CT scans in community-dwelling Japanese-
American men. These results do not support a role for oestrogen deficiency in IAF accumulation
in men.
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Introduction

Obesity is a well-established risk factor for many chronic diseases, including cardiovascular
disease and diabetes mellitus. In addition to overall excess adiposity, the pattern of body fat
deposition has been shown to affect risk for adiposity-related complications. Both cross-
sectional and longitudinal data have demonstrated a higher risk of diabetes and
cardiovascular disease in association with increased intra-abdominal compared to
subcutaneous fat [1—3].

Men and premenopausal women typically have different patterns of fat deposition, with the
former having more intra-abdominal fat compared to women, whose adipose tissue is
distributed more commonly in the thighs and buttocks [4]. Observational data suggest that
endogenous sex steroids play a role in these different patterns of fat deposition. Women
experience a redistribution of adipose tissue towards a more central pattern of adiposity after
menopause [4]. Adipose tissue contains both oestrogen and androgen receptors, and
expresses aromatase, the enzyme that converts testosterone to estradiol [4,5]. These proteins
likely facilitate local sex steroid effects which could contribute to the regulation of regional
adipose tissue deposition [5].

A recent large interventional study examined the effects of oestrogen deficiency of fat
accumulation in men by pharmacologically lowering estradiol concentration with an
aromatase inhibitor to suppress the conversion of testosterone to estradiol. This study
included 202 men who received anastrozole for 16 weeks (in combination with a GnRH
antagonist and testosterone transdermal gel) and demonstrated an inverse relationship
between estradiol concentrations and changes in intra-abdominal fat area [6]. The authors
concluded that endogenous estradiol likely plays an important role in the regulation of
adiposity in men, and in regulating intra-abdominal fat mass in particular.

No observational research has been conducted with adequate rigour to determine whether
physiologic concentrations of oestrogen in men predict fat accumulation in the important
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intra-abdominal depot. Several cross-sectional studies have examined the association
between estradiol concentrations and regional adiposity in men, but this study design cannot
establish whether estradiol concentration preceded change in the intra-abdominal fat depot.
Of 13 cross-sectional studies examining this association, 5 found a positive association and 8
found no association between circulating estradiol concentrations and overall or regional
adiposity [7—19]. These studies used various methods to assess adiposity, including clinical
measures such as weight and waist-to-hip ratio and radiographic measures including dual-
energy X-ray absorptiometry (DXA), magnetic resonance imaging (MRI), or computerized
tomography (CT). Only four of these studies specifically examined the association between
estradiol concentration and intra-abdominal fat, with one demonstrating a positive
association and three finding no statistically significant association [7,9,12,18]. Additionally,
most of these studies used radioimmunoassay (RIA) techniques to measure estradiol, which
is less accurate than liquid chromatography—tandem mass spectrometry (LCMS) in
quantifying the relatively low concentrations of circulating estradiol in men [20].

Longitudinal observational research on the association between estradiol concentration and
intra-abdominal fat accumulation is also limited. The two longitudinal studies that examined
this relationship did not directly image the intra-abdominal fat depot but instead used body
surface measurements, with differing results [8,15].

Since estradiol may play an important role in regulating fat mass in men based on one well-
conducted interventional study, we wondered whether physiologic serum estradiol
concentrations might predict the accumulation of fat mass over time. Therefore, we
examined the relationship between plasma estradiol concentrations and IAF accumulation
measured serially over time by abdominal CT in a well-characterised cohort of middle-aged
to older community-dwelling Japanese-American men who have been followed
longitudinally for changes in body composition.

Subjects, methods, and materials

Study subjects

Our study population included both second- and third-generation Japanese-American men
(Nisei and Sansei, respectively) from the Japanese-American Community Diabetes Study
(JACDS). The selection and recruitment process for this cohort has been described
previously [21]. Briefly, study subjects were healthy volunteers who were representative of
the Japanese-American population of King County, WA in age distribution, residence, and
parental immigration patterns. Subjects were enrolled starting in 1983. Subjects with
diabetes at baseline, as defined below, were excluded. Baseline, 5, and 10 year follow-up
evaluations were performed at the General Clinical Research Center at the University of
Washington (Seattle, WA). The research protocol was approved by the institutional review
board and signed informed consent was obtained from all participants.

Measurement of body fat distribution

Computerized tomography (CT) measurements of body fat distribution were performed at
baseline and at 5 and 10 year follow-up visits. Subcutaneous and intra-abdominal fat areas
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were measured at the level of the umbilicus (approximately L4-5) using 10 mm slice
thickness as previously described [22]. Density contour software was used for analysis of the
CT scans, with areas in the attenuation range of =250 to —50 Hounsfield units classified as
adipose tissue. Intra-abdominal fat was considered that within the confines of the
transversalis fascia [22]. All scans were read by the same person. Changes in fat areas were
calculated as the difference between the baseline value and both the 5- and 10-year
measurements respectively.

Laboratory measurement

Estradiol was quantified from fresh frozen plasma stored at =70 °C by liquid
chromatography tandem mass spectrometry (LCMS), using a modification of the dansyl
chloride derivatization method on an AB Sciex 5500 QTRAP tandem quadrupole mass
spectrometer (MS) with positive electrospray ionization (ESI+) (AB Sciex; Foster City, CA)
[23]. The lower limit of quantitation was 7.34 pmol/L and the intra-assay co-efficient of
variation was 2.6%. The normal range for serum estradiol is 51.39—172.54 pmol/L defined
as the 2.5—97.5th percentile for healthy men ages 18—50. Plasma was originally collected
during a 75 g oral glucose tolerance test (OGTT) at the baseline study visit from the 60- and
90-minute samples. Subjects were classified as having diabetes if treated with a
hypoglycemic medication or insulin at baseline, if the fasting plasma glucose was =6.99
mmol/L, or if the 120-minute plasma glucose during the OGTT was =11.10 mmol/L.

Statistical analysis

Results

We assessed the associations in univariate analyses between estradiol concentration in
tertiles and body composition and related metabolic measurements. Univariate linear
regression analysis was performed to examine the association between the change in intra-
abdominal fat area over 5 and 10 years and estradiol concentration and other measures of
body composition. Multivariate linear regression was used to estimate the association
between the change in the intra-abdominal fat area over 5 and 10 years and the baseline
estradiol concentration with adjustment for covariates relating to body composition and
fasting plasma glucose. Backwards stepwise regression was used to develop the final
models, with p < 0.05 used to determine which variables remained in the model. A variance
inflation factor value of 4 was used to assess the presence of multi-collinearity. We assessed
the presence of non-linear associations between estradiol and change in intra-abdominal fat
area using fractional polynomials [24]. A p-value of <0.05 was considered statistically
significant. Stata version 13 (StataCorp, College Station, TX) was used for all statistical
analyses.

A total of 264 men from the Japanese-American Community Diabetes Study had a baseline
CT scan with 216 men returning for a CT scan 10 years later, resulting in an 81% rate of
follow-up. Of the 216 men, one had missing laboratory data giving a final sample size of
215 for the 10 year analysis. A total of 206 men also had a CT scan 5 years after study entry,
and this group was used for the 5 year analysis.
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Among the 215 study subjects, 113 were second generation (Nisei) and 112 were third
generation Japanese Americans (Sansei). The mean baseline estradiol concentration was
81.20 pmol/L (standard deviation 25.95 pmol/L, range 31.06—182.45 pmol/L). As a group,
the subjects were middle-aged to older (range 34—74 years), slightly overweight, and had
mean fasting plasma glucose concentrations in the non-diabetic range (Table 1). There was
no correlation between baseline estradiol concentration and baseline intra-abdominal fat area
(r=0.05, p=0.49) or baseline subcutaneous abdominal fat area (r= —0.10, p= 0.15).
During the 10 years of follow-up, men gained weight and had an increase in both intra-
abdominal and subcutaneous fat on average. These increases were observed at both the 5 and
10 year time points (Table 1).

We explored associations between the change in intra-abdominal fat over 5 and 10 years and
several possible predictors of this change (Table 2). Plasma estradiol concentrations at
baseline were not significantly associated with the change in intra-abdominal fat over either
5 or 10 years of follow-up in univariate linear regression analysis (r= —0.05 for both time
points, p=0.45 for 5 years of follow-up and o= 0.43 for 10 years of follow-up) (Figs. 1 and
2). Baseline intra-abdominal fat area was significantly and inversely correlated with both 5
and 10 year changes in the intra-abdominal fat area (= —0.30 and —0.24 respectively, p <
0.01 for both values). Age was inversely and significantly correlated with the change in
intra-abdominal fat at 10 years of follow-up (r=-0.17, p=0.01), but not at 5 years (r=
-0.05, p=0.46). A significant association was seen between the change in intra-abdominal
fat and the change in subcutaneous fat over both 5 and 10 years (r=0.27 and 0.40,
respectively, p < 0.01 for both values). The change in weight was also associated with the
change in intra-abdominal fat over both time periods (r=0.44 and r=0.55 for 5 and 10
years, respectively, p < 0.01 for both values). There was no significant relationship between
the change in intra-abdominal fat over either time period and the baseline fasting plasma
glucose. Baseline BMI, weight, total subcutaneous fat, and fasting glucose were unrelated to
changes in intra-abdominal fat over either 5 or 10 years of follow-up (Table 2).

Multivariate linear regression was used to examine the relationship between the change in
intra-abdominal fat area over 5 and 10 years of follow-up and the baseline estradiol
concentration (Table 3). Our multivariate linear regression model included the following
variables: weight at baseline, change in weight over time, subcutaneous fat at baseling,
change in subcutaneous fat area over time, BMI at baseline, and fasting plasma glucose at
baseline. A priori, we forced age at baseline and intra-abdominal fat area at baseline into our
model. The rest of the model was determined using backwards stepwise linear regression
with Pto enter <0.05. The results for the 5 and 10 year models were consistent, with no
significant association between the change in intra-abdominal fat area and baseline estradiol
concentration at either time point. Besides the a priori inclusion of age and intra-abdominal
fat area at baseline, the change in weight over time was the only other variable that remained
in the model as a significant predictor of change in intra-abdominal fat area at both time
points. Multi-collinearity was not present in either of these multivariate models. Non-linear
associations were not present as assessed using fractional polynomials.
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Discussion

In this prospective study of middle-aged to older community dwelling Japanese-American
men, we found no association between the estradiol concentration at baseline and the
accumulation of intra-abdominal fat over either 5 or 10 years. This lack of association
persisted in our multivariate linear regression models after adjustment for age at baseline,
intra-abdominal fat area at baseline, and the change in weight over time. This is a surprising
finding, given the important role that estradiol appears to play in the maintenance of body
composition, and central adiposity in particular, in men [6]. Additional potential
confounding factors were considered for inclusion in our model, but did not meet criteria for
inclusion in the final models. These included abdominal subcutaneous fat area at baseline,
the change in abdominal subcutaneous fat area over time, weight at baseline, the change in
weight over time, BMI, and fasting plasma glucose concentration. To our knowledge, ours is
the first prospective longitudinal observational study B.M. Kocarnik et al. to examine the
association between estradiol concentrations and directly measured intra-abdominal fat area
in men. We also used LCMS to measure estradiol concentrations, a technique that has been
shown to be more accurate than RIA, the method used by most of the prior studies [20].

Two previously published longitudinal studies of estradiol and central fat mass used surface
measures instead of radiographic imaging techniques to examine this association. One study
reported no association over an average follow-up of 4.8 years in 650 men [8], and the other
reported a positive association over an average follow-up of 3 years in 2708 men [15]. Both
of these studies used waist circumference to measure the change in adiposity over time,
rather than imaging techniques. Waist circumference is a poor proxy for abdominal visceral
fat area as it cannot discriminate between changes in subcutaneous versus visceral adiposity
[25]. Multiple studies have assessed the correlation between waist circumference and
abdominal visceral fat area with most finding correlation coefficients in the range of 0.4—
0.7 [26,27]. In Japanese men specifically, the correlation between waist circumference and
abdominal visceral fat was found to be 0.62 and 0.68 in two separate studies [28,29].
Moreover, the correlation between waist-hip ratio and abdominal visceral fat was no better
in these analyses, at 0.54 [28]. Therefore, a strength of the analyses presented here is the
accuracy and specificity of our quantification of intra-abdominal fat area over time.

A randomised controlled trial recently demonstrated a role for estradiol in the maintenance
of body composition in men [6]. Based upon those results, we predicted that lower baseline
estradiol concentrations would be associated with the accumulation of intra-abdominal fat
mass, but our data did not demonstrate such a relationship. It is likely that these apparently
conflicting results reflect differences in study design. Finkelstein et al. used pharmacological
manipulation to suppress estradiol concentrations far below the normal physiologic range
and in this setting demonstrated an accumulation of fat mass over a 16 week study period.
Furthermore, the pharmacologic treatment given to reduce the peripheral conversion of
testosterone to estradiol may have had an effect on intra-abdominal fat accumulation
independent of estradiol concentration. In contrast, our data examined the relationship
between endogenous estradiol concentrations in community-dwelling adult men, albeit
across a broad range of estradiol levels. Our results suggest that endogenous serum estradiol
concentrations play no role in the accumulation of intra-abdominal fat mass in men. In
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addition, our longitudinal analyses span a period of 10 years in contrast to the more acute
effects a shorter term intervention trial demonstrates. Another potential explanation for the
differences between our results and this interventional study are that the change seen in fat
accumulation in the latter was due to the acute decline in estradiol concentration from the
pharmacologic intervention. If this was shown to be the mechanism, it would be of biologic
interest but would not be of practical clinical importance since an acute decline in estradiol
concentration in men is unlikely to occur without pharmacologic or surgical intervention.
Long term intervention trials would be needed to examine whether pharmacologic
suppression of estradiol below physiologic levels in men results in a persistent change in the
size of the intra-abdominal fat depot, as well as to examine the impact of estradiol
replacement in men with low estradiol concentrations.

A strength of our analyses is our use of CT to directly quantify central adiposity. The
accumulation of visceral adipose tissue has been shown to have multiple adverse health
effects in a number of large, epidemiological studies. In the Framingham Heart Study;,
visceral adipose tissue was associated with cardiovascular disease and cancer [30]. The
Dallas Heart Study found an association between visceral adiposity and insulin resistance,
diabetes, dyslipidemia, hepatic steatosis, and aortic plague [1]. An international, ethnically
diverse study in 29 countries found an association between visceral adipose tissue and
hypertension, type 2 diabetes, and hypertriglyceridemia and also found an increased
predilection for the accumulation of visceral, as opposed to subcutaneous, adipose tissue
among the East Asian population (Chinese, Japanese, and Korean) relative to the other
populations included in the study [31]. Previously published work from our cohort has
shown a positive correlation between the accumulation of intra-abdominal fat and the
incidence of type 2 diabetes and hypertension over the 10 year study period [2,3].

Adipose tissue contains oestrogen receptors, so it is biologically plausible that estradiol may
influence the accumulation and metabolic activity of intra-abdominal fat [32]. Two types of
oestrogen receptors (ER) have been identified in adipose tissue, ERa and ERp [32]. ERa
knockout mice have been shown to develop increased white adipose tissue through both
hyperplasia and hypertrophy of adipocytes [4]. The results of studies on ERP knockout mice
are less consistent, but this receptor is also thought to have a role in adipose tissue volume
and distribution [32]. The concentration of ER receptors is higher in subcutaneous than
visceral fat, and the specific effect of oestrogen on visceral fat remains unclear [4]. Adipose
tissue also contains aromatase, an enzyme responsible for the conversion of testosterone to
estradiol, which could additionally regulate the distribution and size of fat depots [5].
Aromatase expression is higher in adipose tissue in the thighs and buttocks than in the
abdomen [5]. Increased intra-abdominal adiposity has been noted in humans with aromatase
deficiency and male aromatase knockout mice [6,33]. In summary, the mechanisms through
which circulating oestrogen regulates adipose tissue is an area of active investigation and the
exact effect of circulating oestrogen on intra-abdominal fat at the level of the adipocyte
remains unknown.

There are several limitations of our study. First, the study was limited to one measurement of
estradiol at baseline. Changes in estradiol levels were not assessed at short or long intervals.
Variation of estradiol concentration in men does occur but has been shown not to occur
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either seasonally or diurnally [34]. Furthermore, intercurrent illness is unlikely to have
altered estradiol concentrations, as these men were healthy, community-dwelling individuals
for the duration of the study. Our plasma samples were assayed after several years of storage
in a freezer with a temperature of =70 °C, although the samples used for these assays had
not been previously thawed and sex steroids are generally stable over time [35]. Lastly, our
population included only Japanese-American men and may not be applicable to other ethnic
populations.

In summary, we did not find an association between plasma estradiol concentration and the
change in intra-abdominal fat as measured by serial CT imaging over 10 years in a cohort of
healthy middle-aged to older Japanese-American men. These results argue against a role for
oestrogen in long term accumulation of fat in the intra-abdominal depot in men.
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Figure 1.
The change in intra-abdominal fat area (cm?) over 5 years by baseline estradiol

concentration (pmol/L). The line represents the best fitting regression line (r=0.05, p=
0.45).
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Figure 2.
The change in intra-abdominal fat area (cm?2) over 10 years by baseline estradiol

concentration (pmol/L). The line represents the best fitting regression line (r=-0.05, p=
0.43).
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Univariate analysis of the change in intra-abdominal fat area (cm?) over (a) 5 and (b) 10 years.

Table 2

B coefficient  95% confidenceinterval p-Value
(a) Change in intra-abdominal fat area over 5 years
Age (years) -0.16 (-0.58, 0.26) 0.46
Intra-abdominal fat area at baseline (cm?) -0.20 (-0.29, -0.11) <0.01
Subcutaneous abdominal fat area at baseline (cm?) ~ —0.03 (-0.11,0.04) 0.35
5 year change in subcutaneous fat (cm?) 0.31 (0.16, 0.47) <0.01
Weight at baseline (kg) -0.42 (-0.90, 0.06) 0.09
5 year change in weight (kg) 4.68 (3.37,5.99) <0.01
BMI at baseline (kg/m?) -1.26 (-2.84,0.31) 0.12
Estradiol at baseline (pmol/L) -0.07 (-0.26, 0.12) 0.45
Fasting plasma glucose at baseline (mmol/L) -4.15 (-11.87,3.57) 0.29
(b) Change in intra-abdominal fat area over 10 years
Age (years) -0.59 (-1.05, -0.13) 0.01
Intra-abdominal fat area at baseline (cm?) -0.18 (-0.28, -0.08) <0.01
Subcutaneous abdominal fat area at baseline (cm?) ~ —0.03 (-0.11, 0.05) 0.42
10 year change in subcutaneous fat (cm?) 0.40 (0.28,0.52) <0.01
Weight at baseline (kg) -0.25 (-0.78,0.28) 0.35
10 year change in weight (kg) 4.67 (3.72,5.62) <0.01
BMI at baseline (kg/m?) -1.27 (-3.00, 0.45) 0.15
Estradiol at baseline (pmol/L) -0.08 (-0.29,0.12) 0.43
Fasting plasma glucose at baseline (mmol/L) -5.86 (-14.45, 2.73) 0.18

BMI: body mass index; BMI: body mass index.
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Table 3

Multiple linear regression analysis of the change in intra-abdominal fat area over (a) 5 years and (b) 10 years
by baseline estradiol level with adjustment for baseline age, baseline intra-abdominal fat, and the change in
weight over time.

B coefficient  95% confidenceinterval p-Value

(a) Multiple linear regression analysis of the change in intra-abdominal fat area over 5 years

Age (years) 0.88 (0.45,1.30) <0.01
Intra-abdominal fat area at baseline (cm?) -0.22 (-0.31,-0.14) <0.01
Estradiol at baseline (pmol/L) -0.05 (-0.22,0.11) 0.52
5 year change in weight (kg) 537 (4.03,6.71) <0.01
(b) Multiple linear regression analysis of the change in intra-abdominal fat area over 10 years

Age (years) 0.55 (0.09, 1.01) 0.02
Intra-abdominal fat area at baseline (cm?) -0.16 (-0.25,-0.07) <0.01
Estradiol at baseline (pmol/L) -0.05 (-0.23,0.12) 0.55
10 year change in weight (kg) 494 (3.92,5.97) <0.01
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